Using realtime ultrasound array photoacoustic microscopy (UA-PAM), we demonstrated the feasibility of noninvasive in vivo imaging of human pulsatile dynamics, as well as 3-D dynamic imaging of sentinel lymph nodes (SLNs) in a murine model. The system, capable of realtime B-scan imaging at 50 Hz and high-speed 3-D imaging, was validated by imaging the subcutaneous microvasculature in rats and humans. After the validation, a human superficial palmar was imaged, and its pulsatile dynamics monitored, with 20-ms B-scan imaging temporal resolution. In addition, noninvasive photoacoustic sentinel lymph node (SLN) mapping with high spatial resolution has the potential to reduce the false negative rate and eliminate the use of radioactive tracers. Upon intra-dermal injection of Evans blue, the system maps SLNs accurately in mice and rats. Furthermore, the ~6 s 3-D imaging temporal resolution offers the capability to quantitatively and noninvasively monitor the dye dynamics in SLNs in vivo through sequential 3-D imaging. The demonstrated capability suggests that high-speed 3-D photoacoustic imaging should facilitate the understanding of the dynamics of various dyes in SLNs, and potentially help identify SLNs with high accuracy. With the results shown in this study, we believe that UA-PAM can potentially enable many new possibilities for studying functional and physiological dynamics in both preclinical and clinical imaging settings.
INTRODUCTION
Owing to both the clinical needs and the demand for biomedical study of physiological dynamics, highspeed in vivo functional imaging has become highly desirable. Although MRI provides good functional imaging capability, it usually cannot perform real-time imaging [1] . Ultrasound offers real-time imaging capability, but the mechanical contrast does not provide much physiological information besides flow [2] . Previously available high-resolution optical microscopy modalities-including confocal microscopy [3] , two-photon microscopy [4] , and optical coherence tomography [5] -are capable of real-time imaging. However, as none of them sense optical absorption directly, their sensitivity for functional imaging is relatively low. Moreover, they rely on the detection of ballistic photons, and thus cannot image beyond one optical transport mean free path in highly scattering biological tissue.
Photoacoustic imaging is a noninvasive biomedical imaging technology that provides excellent optical absorption contrast-endogenous contrast for many physiological phenomena-with high ultrasonic resolution at super-depths-depths beyond the optical transport mean free path [6] Using a murine model, we also demonstrated the system's capability to accurately identify SLNs and quantitatively image the dye uptake and clearance dynamics [13] .
CONCLUSIONS AND DISCUSSION
Our UA-PAM system was capable of high-speed in vivo imaging of microvasculature details in both small animals and humans. Using UA-PAM, human pulsatile dynamics was captured in real time. Ideally, to better characterize the pulsatile hemodynamics, oxygen saturation should be measured within each cardiac cycle. However, accurate computation of the blood oxygenation in real-time requires photoacoustic imaging with laser-wavelength tunability in real time (because oxygenation quantification requires multiwavelength measurements), which is currently not available in our laser system.
In addition, UA-PAM demonstrated accurate in vivo SLN mapping in a murine model. The dynamics of dye accumulation and clearance in murine SLNs were quantitatively monitored with a high temporal resolution, up to 6 s. This capability should facilitate further studies to understand the dynamics of different dyes in SLNs, and potentially help identify SLNs with high accuracy.
With the promising results shown in this study, we believe that UA-PAM will open up many new possibilities for studying functional and physiological dynamics in both preclinical and clinical imaging settings.
